According to reports from the World Health Organization, it is estimated that there are 285 million people visually impaired, of these, 39 million are blind and 249 million have low vision. [2] Most striking is that 80% of the cases of low vision and blindness could be cured or prevented. Due to the great socioeconomic impact, this disease represents, [3] the goal, from the point of view of diagnosis, is to achieve early detection and better monitoring of the disease.
Optical coherence tomography (OCT) is a technique that has demonstrated its efficacy in the detection of structural glaucomatous damage, [4] even in the early stages of the disease, offering objective, quantitative, and reproducible data on the retinal nerve fiber layer (RNFL) [5] and the optic disc or optic nerve head. [6] Even a single broad-field OCT is sufficient for early diagnosis with excellent sensitivity and specificity. [7] On the other hand, functional damage can be detected earlier with perimetry techniques of high sensitivity and specificity.
Recent studies indicate that the first detectable glaucomatous change can be functional and structural, [8] some authors have suggested that a combination of functional and structural tests can increase the diagnostic sensitivity. [9] Our work seeks to evaluate and compare, the connection, structure-function, between retinal sensitivity measured with standard automated perimetry (SAP) and the structural parameters of optic disc, RNFL, and ganglion cell complex (GCC) between glaucoma suspects and early glaucoma, using spectral-domain (SD) OCT technology ) (NIDEK RS-3000 advance) in a Hispanic population to identify the areas of early damage and higher risk of functional loss.
METHODS
A descriptive, retrospective, observational study designed and included 81 eyes of patients with open-angle glaucoma and 163 eyes of patients with suspected glaucoma treated at the Central Military Hospital and the Country Clinic Medical Unit between January 2010 and December 2015.
All clinical records of patients with open-angle glaucoma diagnoses and glaucoma suspects that met the following criteria: age ranged between 18 and 80 years, corrected visual acuity better or equal to 20/30, refraction sphere between +5.00 and −5.00 and cylinder between ±3, and anisometropia less than two-dimensional. Patients with coexisting retinal disease, sequelae of trauma or ocular inflammation, congenital anatomical ocular alterations, optic neuropathy of neurological origin, and intraocular surgery with the exception of uncomplicated cataract surgery were excluded from the study.
Open-angle glaucoma patients were considered in cases with typical perimetric glaucomatous defects (arcuate or paracentral scotoma and/or nasal step in at least two separate reliable tests with mean deviation (MD) ≥−6 db, 3 or more adjacent points with 5 db depression, or two points with depression of more than 10 db), associated with changes in the disc such as cup/disc radius >0.6, evidence of focal or diffuse thinning of the neural ridge, disc hemorrhages, RNFL defects, discs asymmetry >0.2, and open angles based in Shaffer gonioscopy. [10] The glaucoma suspects included were those cases with these same changes in the optic nerve and/or intraocular pressure ≥22 mmHg but with normal SAP.
Standard automated perimetry
All visual fields tests were obtained from the Humphrey Field Analyzer model 750i database strategy 24-2 SITA Standard stimulus III. The visual field test was considered reliable if it presented false-positive and/or false-negative losses of <15%.
The point-to-point sensitivity was recorded in an Excel template and then grouped by zones according to the Garway-Heath map [11] [ Figure 1 ]. Once the glaucoma patients were collected, they were classified according to the Hodapp-Parrish-Anderson scale [12] modified as follows: mild glaucoma: MD ≥−6.00 db, moderate glaucoma: MD ≥−6.00 to −12.00 db, and advanced glaucoma: MD ≥−12.01 to −20.00 db.
Optical coherence tomography's-spectral domain measurements
RFNL, macula, and optic disc protocol images of the OCT were extracted from the Nidek RS-3000 advance tomography. For RNFL and optic disc, data were collected of the average total thickness, mean thickness RNFL in each quadrant (upper: 46°-135°, nasal: 136°-225°, lower: 226°-315°, and temporary: 316°-345°) coding by color according to the normative base of the software for each quadrant (upper, lower, temporal, and nasal), area of the optical disc, vertical cup/disc ratio, and horizontal cup/disc ratio. For GCC, mean thickness in each quadrant (upper and lower) and color coding according to the software's normative base. [13] 
Statistics
The results of the perimetry were converted to a linear scale (antilogarithmic) to be able to compare them with the RNFL, optic disc, and GCC measurements. Subsequently, the Pearson's correlation coefficients were calculated between the mean RNFL thickness, optic disc, and GCC in each quadrant obtained by the OCT and the mean sensitivity of each region of the visual field test for glaucoma suspects and mild glaucoma. For moderate and advanced glaucoma, the Spearman correlation coefficients were applied. All the variables of the visual field, MD, standard deviation, Hemifield test for glaucoma, and Visual Field Index with the RNFL, optical disc, and GCC thickness in each quadrant in all the samples, and the results of these thicknesses with each other were correlated.
RESULTS
The clinical records of 123 patients who had a diagnosis of primary open-angle glaucoma were reviewed: 79 eyes from 41 patients met the inclusion criteria, 24% men and 76% women [ Retinal sensitivity by standard perimetry in three subgroups of glaucoma, a progressive sensitivity decrease was observed stronger in zones 5 and 6 and less loss in zone 4.
In glaucoma suspects, a significant correlation was found between MD and RNFL average of 18% (P < 0.05), while the sensitivity zone study showed a significant correlation of superior RNFL with zone 3 of 24% (P < 0.05) and lower RNFL and zone 6 of 16% (P < 0.05) and upper optical disc with zone 3 of 19%. The GCC showed no significant correlation with any area.
For mild glaucoma, a significant correlation was evidenced between the MD and the RNFL average of 29% (P < 0.05). The study of the correlation by quadrants showed a correlation of temporal RNFL and MD of 36% (P < 0.05), thickness of the temporal optic disk and MD of 37% (P < 0.05), and upper GCC of 38% and lower 29% with MD (P < 0.05). Regarding to retinal sensitivity, a significant correlation of 31% (P < 0.05) was found between temporal RNFL and visual field area. 5. In the optic disc, was found a significant correlation between thickness in temporal region with zone 1 of 36%, and with area 5 of 33% (p <0.05); in the GCC a significant correlation was found between zone 5 with areas upper in 42% and lower in 38%. Optic disk thickness correlation with the different zones is available in Figure 2 .
For moderate glaucoma, a significant 46% correlation was found between nasal RNFL and patter n SD (PSD) (P < 0.05). By areas of retinal sensitivity, significant correlation was found between zone 5 and RNFL thickness in the temporal area of 73% (P < 0.05) and inferior GCC and zone 6 of 50% (P < 0.05). The analysis of the optic disc and areas of retinal sensitivity, no significant correlation was found.
DISCUSSION
There is a relation between structure and function associated to the decrease in the thickness of the RNFL, optic disc, and the GCC with a decrease in retinal sensitivity in the automated perimetry evidenced in glaucoma suspects similar to the one described by many authors, [7, [14] [15] [16] [17] [18] [19] and it gets worse as glaucoma progresses.
Glaucoma suspects have the highest correlation between thickness of upper and lower RNFL and upper optical disc with their respective sensitivity zones. These results agree with the results of the study by Leite et al. [20] who explains these findings, because the ranges of loss of retinal sensitivity are very narrow in this population. In mild glaucoma, the temporal areas of the optic disc and RNFL showed a significant structural and functional damage correlation, a result like that found by Gardiner et al., [15] who considered the area's commitment as predictive of visual field loss. However, it was the GCC, in its lower areas, followed by superior for both mild and moderate glaucoma that led the most significant correlation of the study (0.7). In advanced glaucoma, the upper sectors of RNFL and optic disc showed a correlation of 0.71.
Another significant observation was the correlation between MD and RNFL in glaucoma suspects and mild glaucoma in the temporal quadrant of the optic disc, the correlation was also significant in the upper and lower GCC. In moderate glaucoma the correlation was significant between PSD and RNFL. For advance glaucoma the most significant correlation was between PSD and GCC, which suggests that the visual field defects go from generalized to localized.
Finally, the areas of GCC, optical disc, and RNFL that showed the greatest thinning in the OCT were the lowest, in agreement with the greater loss of sensitivity with their corresponding zones (5 and 6 of Gardway-Heath) in the standard perimetry from very early stages. Findings also found by Rao et al., [21] Monsalve et al., [22] and Hood. [7] Our study had an important limitation; due to its transversal design, the number of patients with advanced glaucoma was small in comparison to the mild and moderate. In addition, this type of study does not allow the establishment of causality in the relationship between structure loss and function. In addition, we do not have baseline values to evaluate progression over time.
CONCLUSIONS
There is a connection between the decreased thickness of the RNFL, the optic disc, and the GCC, and this damage could be predictive of visual field loss, the defects go from generalized to localized, and the change rates are directly related to the stage of the disease. This study allows us to understand the course of glaucomatous disease and could be used in our clinical practice, also, could help to improve interpretation of the clinical tests used daily.
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